and identifying (le) magnétoscope as the correct antecedent of the pronoun le since the other candidate la cassette does not match the pronoun in gender.
These and other similar examples where the gender distinction in French could be helpful, motivated the development of a bilingual (English/French) pronoun resolution system which features a strategy of mutual enhancement of performance and operates on parallel English and French corpora aligned at word level.
1 In addition to utilising gender discrimination in French, this strategy also benefits from a bilingual corpus (e.g. information on how a pronoun is translated in the target language) and from the performance of the English algorithm (e.g. the antecedent indicators for English usually perform more accurately). The English and French modules mutually enhance their performance in that their outputs are compared and if they disagree, one of them is preferred depending on the case (see section 3). Both the English and the French modules are based on Mitkov's (1998) knowledge-poor approach.
Brief outline of the bilingual corpora
Parallel bilingual English-French corpora are produced in most cases either on the basis of translating an original English text into French or on the basis of translating original French text into English. Normally translation is performed with a view to achieving maximal fluency and cohesion in the target language where the distribution of words may be different from the source language. The translation of technical texts is generally not as free as the translation of literary works but nevertheless, it is highly unlikely to be literal. In fact, it is not unusual to have the target text rewritten for reasons of clarity.
Three technical texts (Linux HOW TO documents) were used in this bilingual experiment:
'Beowulf HOW TO v.1.1.1' (referred to in the tables as BEO), 'Linux CD-Rom HOW TO v.1.14' (CDR) and 'Access HOW TO v.2.11' (ACC), containing about 30 000 words in each language. Table 1 shows the exact number of words in each language as well as the number of pronouns (3 rd person pronouns, possessives and reflexives were considered). The original files were in English and translated into French. Some of the pronouns occurring in English were completely omitted in French, replaced by full noun phrases or replaced by other types of anaphors whose resolution was not tackled in the project (for example, demonstratives). Similarly, some
English noun phrases were replaced by pronouns in the French translation, whereas a few addi-tional French pronouns were introduced even though they did not have a corresponding pronoun in the English text. The mutual enhancement strategy benefits from the differences in the translation of pronouns and in particular from cases where a pronoun has been translated as a noun phrase which is a translation equivalent of its antecedent.
The contributions of English and French
The strategy of mutual enhancement is based on the English and French modules benefiting from each other, and therefore mutually enhancing their performance. In fact, there are certain cases where the French module is expected to perform more reliably, whereas in others the English module is likely to propose the correct antecedent with higher probability. 
Cases where French / the French version helps
The most obvious benefit of using a French anaphora resolver is to exploit the gender discrimination in French. Gender agreement between the pronominal anaphor and its antecedent holds in most of the cases in French. The exceptions refer to special cases like noun phrases representing professions or positions. 2 When a pronoun is used to refer to a person occupying a specific position, its gender does not match the grammatical gender of the noun phrase, but that of the person.
(2) Le professeur se mit en colère. Elle n'en pouvait plus.
The teacher got cross. She could not stand it any more.
On the other hand, when certain professions are used generically and are referred to by a pronoun, the latter will take the gender of the profession, not of the person involved (3) Quand un professeur se met en colère, il perd son autorité sur ses élèves. 3
When a teacher gets cross, he loses his authority over his students.
Since gender agreement works for most cases in French, whenever the antecedent in French is resolved directly after gender agreement, its equivalent 4 in English is adopted as the antecedent.
It has to be borne in mind, however, that not all the pronouns in French point to the gender of the noun phrase they refer to. The ones that convey gender information are 3rd person plural and singular personal pronouns used in subject position (il, elle, ils, elles) , reflexive pronouns in singular (elle-meme, lui-meme) and singular personal pronouns in accusative (le, la). Plural personal pronouns in accusative and dative do not carry any kind of gender information (les, eux), whereas possessive pronouns only convey information about the noun phrase they modify, and therefore, do not contribute to this methodology.
Another straightforward case where the French system will boost the performance of the English is when the translations of the English pronouns are French noun phrases which are identical to or coreferential with the antecedent. In that case, the equivalent of the French antecedent is taken to be the antecedent in English. Since the system runs on aligned corpora which are not an-notated for coreferential chains, this case is exploited by considering as antecedent an NP which has the same head as the translation of the English pronoun within the window of the search scope (2 preceding sentences).
Finally, when the highest-ranked French candidate is well ahead of its English 'competitor'
(with a numerical value of 4 adopted as the threshold) 5 , then the French antecedent and its English equivalent are taken as antecedents. As an illustration, if the difference between the scores of the highest ranked candidate and the second best in French is at least 4, and the difference between the two best English candidates is only 1, then the proposed antecedent of the French module will be preferred.
A small-scale study into the usability of the enhancement strategy, based on a small test corpus of 231 English and 255 French pronouns, showed that the resolution of up to 38% of English pronouns could be improved on the basis of the French gender discrimination and the translation of some of them as noun phrases. As for the French pronouns, gender agreement could contribute to the successful resolution of up to 65.4% of them.
Cases where the English version can help
Currently the algorithm for English is more developed than the one for French, and its success rate is normally higher. This is the reason why in one of the decision strategies described in section 4 below, a composite score is taken with weight assigned to the English score 0.6 as opposed to 0.4 for French. Also, if after applying all decision strategies the tie between two competing English-French candidates is still not broken (see section 4), the antecedent proposed by the English module is preferred. Another reason for favouring the algorithm for English is that in the French implementation the indicators were employed with the same scores in English. A thorough investigation of the optimal scores for French has yet to be conducted.
There are a number of other, more concrete cases where the English module can be of help.
The algorithm implemented for this project incorporates the following syntax filters as used in Kennedy and Boguraev (1996) i.
A pronoun cannot refer with a co-argument.
ii. A pronoun cannot co-refer with a non-pronominal constituent which it both commands and precedes.
iii. A pronoun cannot co-refer with a constituent which contains it.
These constraints are a modification of the syntax constraints reported in Lappin and Leass (1994) and work quite well for intrasentential anaphors, but similar constraints have not been implemented for French. Therefore, if the bilingual system tries to resolve an intrasentential anaphor and if the proposed antecedents for English and French are not equivalent, the decision of the English module is preferred.
One of the last tie-breaking heuristics is the use of the value of the decision power ( 
Selection strategy
The selection strategy of the implemented mutual enhancement algorithm is based on favouring cases where one of the systems is expected to perform better, as described in section 3, and addresses pronouns that cannot be resolved directly 6 in either of the languages. This strategy benefits from the outputs of Mitkov's algorithms (both the original version for English and its ad- 6 The expression 'to be resolved directly' refers to the cases where there is only one (singular or plural) candidate for antecedent.
aptation for French, specially developed for this project) and can be presented as a sequence of eight steps:
Step 1:
If one of the English pronouns is translated as an NP in French, and if that French NP is preceded by an NP with the same head within a window of 2 sentences, the English equivalent of the preceding NP is taken as the antecedent for English. The same applies in reverse order for French.
Step 2:
If a French pronoun is resolved after applying the gender agreement constraint, the corresponding English pronoun is resolved to the English equivalent of the identified French antecedent.
Step 3:
If there is only one plural pronoun in English and if it refers to a collective noun such as parliament, army, police etc. and if the corresponding French pronoun has not yet been resolved, the antecedent for French is set to the equivalent of the English collective noun.
Step 4:
If an English pronoun is resolved as a result of applying the intrasentential constraints described in section 3, the equivalent of the English antecedent is taken as antecedent for French.
Step 5:
If the top candidates are such that they are different for each language and if the difference between the highest-ranked candidate and the second best in one language is much greater than that between the highest-ranked candidate and the second best in the other language (greater than or equal to 3 for English and 4 for French 7 ), the highest-ranked candidate with greater score difference from its runner-up and its equivalent are taken as antecedents.
Step 6:
If the top candidates for both languages are different and if the condition described in step 5 does not apply, for each English candidate English_Ci (i = 1,.., N; N is the number of all candidates) and its equivalent French candidate French_Ci (i = 1,.., N), the weighted score 0.6 x English_Ci + 0.4 x French_Ci is computed. The pair of candidates English_Ck and French_Ck with the highest weighted score are declared as antecedents.
Step 7:
In the event of a tie, the values of the decision power of the employed antecedent indicators are considered. If in one of the languages an indicator with a decision power > 0.8 is employed and if the highest decision power of the indicators activated in the other language is < 0.6, the proposed candidate in the first language and its equivalent in the second are declared as antecedents.
Step 8:
If none of the steps 1-7 can deliver an antecedent, the NP proposed by the English module and its
French equivalent are chosen as antecedents.
